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ANSWER 1 OF 22 HCAPLUS COPYRIGHT 2005 ACS on STN 

The invention relates to a process for making a low-defect, substantially 
relaxed SiGe-on-insulator substrate 

material. The method includes first forming a Ge-containing 
layer on a surface of a first single crystal si 
layer which is present atop a barrier layer 
that is resistant to Ge diffusion. A heating step is 

en performed at a temperature that approaches the m.p. of the final 
S'iGe alloy and retards the formation of stacking fault defects 
/while retaining Ge. The heating step permits interdif fusion of 
Ge throughout the first single crystal Si layer and , 
the Ge-containing layer thereby forming a substantially relaxed, 
single crystal SiGe layer atop the barrier layer. Moreover, 
because the heating step is carried out at a temperature that 
approaches the m.p. of the final SiGe alloy, defects that 
persist in the single crystal SiGe layer as a result of 

relaxation are efficiently annihilated therefrom. In one embodiment, the 

heating step includes an oxidation process that is performed at a 

temperature from about 1230° to about 1320°, for a time period of 

less than about 2 h. This embodiment provides SGOI substrate that have 

minimal surface pitting and reduced crosshatching . 
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Fabrication of a SGOI wafer by annealing near the alloy m.p. 
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L9 ANSWER 2 OF 22 HCAPLUS COPYRIGHT 2 005 ACS on STN 
AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 

interdif fusion is provided. The method includes 1st implanting ions into 
a Si-containing substrate to form an implant rich region in the Si-containing 

strate. The implant rich region has a sufficient ion concentration such that 
during a subsequent anneal at high temps . a barrier 
layer that is resistant to Ge diffusion is formed. 
Next, a Ge-containing layer is formed on a surface 
of the Si-containing substrate, and thereafter a heating 
step was performed at a temperature which permits formation of the barrier layer 
and interdif fusion of Ge thereby forming a substantially relaxed, single 
crystal SiGe layer atop the barrier layer. 
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TI Formation of silicon-gerxnanium-on- insulator (SGOI) by 
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L9 ANSWER 3 OF 22 HCAPLUS COPYRIGHT 2005 ACS on STN 
AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 

interdif fusion is provided. The method includes 1st implanting ions into 

a Si -containing substrate to form an implant rich region in the Si -containing 

substrate. The implant rich region has a sufficient ion concentration such that 

during a subsequent anneal at high temps, a barrier 

layer that is resistant to Ge diffusion is formed. 

Next, a Ge-containing layer is formed on a surface 

of the Si-containing substrate, and thereafter a) heating 

step was performed at a temperature which permins formation of the barrier layer 

and interdif fusion of Ge thereby forming a substantially relaxed, single 

crystal SiGe layer atop the barrier layer. 
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L9 ANSWER 4 OF 22 HCAPLUS COPYRIGHT 2005 ACS on STN 

AB A method of forming a low-defect, substantially relaxed SiGe-on- 

insulator substrate material is provided. The method 

includes 1st forming a Ge-containing layer on a 

surface of a 1st single crystal Si layer which 

is present atop a barrier layer that is 

resistant to Ge diffusion. A heating step is then 

performed at a temperature that approaches the m.p. of the final SiGe 

alloy and retards the formation of stacking fault defects while retaining 

Ge. The heating step permits interdif fusion of Ge throughout 

the 1st single crystal Si layer and the Ge-containing 

layer thereby forming a substantially relaxed, single crystal 

SiGe layer atop the barrier layer. Also, because the 

heating step is carried out at a temperature that approaches the m.p. of 
the final SiGe alloy, defects that persist in the single crystal 
SiGe layer as a result of relaxation are efficiently annihilated 
therefrom. 
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ANSWER 5 OF 22 HCAPLUS COPYRIGHT 2005 ACS on STN 
A method of forming a relaxed Si-Ge-on- 
insulator substrate having enhanced relaxation, 

significantly lower defect d. and improved surface quality is provided. 
The method includes forming a Si-Ge alloy 
layer on a surface of a 1st single crystal Si 
layer. The 1st single crystal Si layer has an 
interface with an underlying barrier layer that is 
resistant to Ge diffusion. Next, ions that are capable of forming 
defects that allow mech. decoupling at or near said interface are 
mplanted into the structure and thereafter the structure including the 
mplanted ions is subjected to a heating step which permits 
interdif fusion of Ge throughout the 1st single crystal Si 
layer and the Si-Ge layer to form a 

substantially relaxed, single crystal and homogeneous Si- 
Ge layer atop the barrier layer- Si 
-Ge-on- insulator substrates having the 

improved properties as well as heterostructures containing the same are also 
provided. 
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Use of implantation to improve material properties of silicon- 
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AB A method of forming a thin, high-quality relaxed SiGe-on- 

insulator substrate material is provided which first 

includes forming a SiGe or pure Ge layer on 

a surface of a first single crystal Si layer 

which is present atop a barrier layer that is 

resistant to the diffusion of Ge. Optionally forming a Si 

cap layer over the SiGe or pure Ge layer, 

and thereafter heating the various layers at a temperature which 
permits interdif fusion of Ge throughout the first single crystal 



Si layer, the optional Si cap and the 

SiGe or pure Ge layer thereby forming a substantially 

relaxed, single crystal SiGe layer atop the barrier layer. 

Addnl . SiGe regrowth and/or formation of a strained epi- 

Si layer may follow the above steps. SiGe-on- 

insulator substrate materials as well as structures 

including at least the SiGe-on-insulator 

substrate materials are also disclosed herein. 
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L9 ANSWER 7 OF 22 USPATFULL on STN 

AB High-quality, metastable SiGe alloys are formed on SOI 

substrates having an SOI layer of about 500 A or less, the 

SiGe layers can remain substantially fully strained compared to 

identical SiGe layers formed on thicker SOI substrates and 

subsequently annealed and/or oxidized at high temperatures. 

The present invention thus provides a method of "f rustrating" metastable 

strained SiGe layers by growing them on thin, clean and 

high-quality SOI substrates. 

CAS INDEXING IS .AVAILABLE FOR THIS PATENT. 
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AB A method of fabricating high-quality, substantially relaxed SiGe 
-on-insulator substrate materials which may be used 
•as a template for strained Si is described. A silicon-on- 
insulator substrate with a very thin top Si 
layer is used as a template for compressively strained 
SiGe growth. Upon relaxation of the SiGe layer at a 

sufficient temperature, the nature of the dislocation motion is such 
that the strain-relieving defects move downward into the thin Si 
layer when the buried oxide behaves semi -viscously . The thin 
Si layer is consumed by oxidation of the buried 

oxide/thin Si interface. This can be accomplished by using internal 
oxidation at high temperatures. In this way the role of the original 
thin Si layer is to act as a sacrificial defect sink 
during relaxation of the SiGe alloy that can later be consumed 
using internal oxidation. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A method of forming a low-defect, substantially relaxed SiGe 
-on-insulator substrate material is provided. The 
method includes first forming a Ge-containing layer 
on a surface of a first single crystal Si 
layer which is present atop a barrier layer 
that is resistant to Ge diffusion. A heating step is 

then performed at a temperature that approaches the melting point of the 

final SiGe alloy and retards the formation of stacking fault 

defects while retaining Ge. The heating step permits 

interdif fusion of Ge throughout the first single crystal si 

layer and the Ge-containing layer thereby forming a 

substantially relaxed, single crystal SiGe layer atop the 

barrier layer. Moreover, because the heating step is carried 

out at a temperature that approaches the melting point of the final 

SiGe alloy, defects that persist in the single crystal 

SiGe layer as a result of relaxation are efficiently annihilated 

therefrom. In one embodiment, the heating step includes an 

oxidation process that is performed at a temperature from about 

1230° to about 1320° C. for a time period of less than 

about 2 hours. This embodiment provides SGOI substrate that have minimal 
surface pitting and reduced crosshatching . 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI High-quality SGOI by annealing near the alloy melting point 
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DRWN 12 Drawing Page(s) 
LN.CNT 952 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L9 ANSWER 10 OF 22 US PATFULL on STN 

AB The present invention provides a method of fabricating a SiGe 
-on-insulator substrate in which lattice engineering 
is employed to decouple the interdependence between SiGe 
thickness, Ge fraction and strain relaxation. The method includes 
providing a SiGe-on-insulator substrate 

material comprising a SiGe alloy layer having a selected 
in-plane lattice parameter, a selected thickness parameter and a 
selected Ge content parameter, wherein the selected in-plane lattice 
parameter has a constant value and one or both of the other parameters, 
i.e., thickness or Ge content, have adjustable values; and adjusting one 
or both of the other parameters to final selected values, while 
maintaining the selected in-plane lattice parameter. The adjusting is 
achieved utilizing either a thinning process or a thermal dilution 
process depending on which parameters are fixed and which are 
adjustable. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
AN 2004:307335 US PATFULL 

TI SiGe lattice engineering using a combination of oxidation, 

thinning and epitaxial regrowth 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 



interdif fusion is provided. The method includes first implanting ions 

into a Si -containing substrate to form an implanted- ion rich region in 

the Si-containing substrate. The implanted-ion rich region has a 

sufficient ion concentration such that during a subsequent 

anneal at high temperatures a barrier layer 

that is resistant to Ge diffusion is formed. Next, a 

Ge-containing layer is formed on a surface 

of the Si-containing substrate, and thereafter a 

heating step is performed at a temperature which permits 

formation of the barrier layer and interdif fusion of Ge thereby forming 

a substantially relaxed, single crystal SiGe layer atop the 

barrier layer. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 

interdif fusion is provided. The method includes first implanting ions 

into a Si -containing substrate to form an implant rich region in the 

Si -containing substrate. The implant rich region has a sufficient ion 

concentration such that during a subsequent anneal at high 

temperatures a barrier layer that is 

resistant to Ge diffusion is formed. Next, a Ge 

-containing layer is formed on a surface of the 

Si-containing substrate, and thereafter a heating step 

is performed at a temperature which permits formation of the barrier 

layer and interdif fusion of Ge thereby forming a substantially relaxed, 

single crystal SiGe layer atop the barrier layer. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A method of forming a low-defect, substantially relaxed SiGe 
-on-insulator substrate material is provided. The 
method includes first forming a Ge-containing layer 
on a surface of a first single crystal Si 
layer which is present atop a barrier layer 
that is resistant to Ge diffusion. A heating step is 

then performed at a temperature that approaches the melting point of the 

final SiGe alloy and retards the formation of stacking fault 

defects while retaining Ge. The heating step permits 

interdif fusion of Ge throughout the first single crystal si 

layer and the Ge-containing layer thereby forming a 

substantially relaxed, single crystal SiGe layer atop the 

barrier layer. Moreover, because the heating step is carried 

out at a temperature that approaches the melting point of the final 

SiGe alloy, defects that persist in the single crystal 

SiGe layer as a result of relaxation are efficiently annihilated 

therefrom. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L9 ANSWER 14 OF 22 USPATFULL on STN 

AB A method of forming a thin, high-quality relaxed SiGe-on- 
insulator substrate material is provided which first 
includes forming a SiGe or pure Ge layer 
on a surface of a first single crystal Si 
layer which is present atop a barrier layer 

that is resistant to the diffusion of Ge. Optionally forming a 
Si cap layer over the SiGe or pure Ge 
layer, and thereafter heating the various layers at a 
temperature which permits interdif fusion of Ge throughout the first 
single crystal Si layer, the optional Si 
cap and the SiGe or pure Ge layer thereby forming a 
substantially relaxed, single crystal SiGe layer atop the 
barrier layer. Additional SiGe regrowth and/or formation of a 
strained epi-Si layer may follow the above steps. 
SiGe-on-insulator substrate materials as 
well as structures including at least the SiGe-on- 
insulator substrate materials are also disclosed 
herein. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L9 ANSWER 15 OF 22 USPATFULL on STN 

AB Thermal mixing methods of forming a substantially relaxed and low-defect 
SGOI substrate material are provided. The methods include a patterning 
step which is used to form a structure containing at least SiGe 
islands formed atop a Ge resistant diffusion barrier 
layer. Patterning of the SiGe layer into islands 

changes the local forces acting at each of the island edges in such a 
way so that the relaxation force is greater than the forces that" oppose 
relaxation. The absence of restoring forces at the edges of the 
patterned layers allows the final SiGe film to relax further 
than it would if the film was continuous. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L9 ANSWER 16 OF 22 USPATFULL on STN 

AB A method of forming a relaxed SiGe-on-insulator 

substrate having enhanced relaxation, significantly lower defect 

density and improved surface quality is provided. The method includes 

forming a SiGe alloy layer on a surface of a first 

single crystal Si layer. The first single crystal 

Si layer has an interface with an underlying 

barrier layer that is resistant to Ge 



diffusion. Next, ions that are capable of forming defects that allow 
mechanical decoupling at or near said interface are implanted into the 
structure and thereafter the structure including the implanted ions is 
subjected to a heating step which permits interdif fusion of Ge 
throughout the first single crystal Si layer and the 
SiGe layer to form a substantially relaxed, single 
crystal and homogeneous SiGe layer atop the barrier layer. 
SiGe-on-insulator substrates having the 

improved properties as well as heterostructures containing the same are 
also provided. 
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TI Use of hydrogen implantation to improve material properties of 
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thermal diffusion 
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L9 ANSWER 17 OF 22 US PATFULL on STN 

AB A method of forming a thin, high-quality relaxed SiGe-on- 
insulator substrate material is provided which first 
includes forming a SiGe or pure Ge layer 
on a surface of a first single crystal Si 
layer which is present atop a barrier layer 

that is resistant to the diffusion of Ge. Optionally forming a 
Si cap layer over the SiGe or pure Ge 
layer, and thereafter heating the various layers at a 
temperature which permits interdif fusion of Ge throughout the first 
single crystal Si layer, the optional Si 
cap and the SiGe or pure Ge layer thereby forming a 
substantially relaxed, single crystal SiGe layer atop the 
barrier layer. Additional SiGe regrowth and/or formation of a 
strained epi-si layer may follow the above steps. 
SiGe-on-insulator substrate materials as 
well as structures including at least the SiGe-on- 
insulator substrate materials are also disclosed 
herein. 
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strained Si CMOS applications 
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AB A silicon oxide film and a doped polysilicon film are successively 

formed on a silicon substrate. Then, a doped polysil icon-germanium film 
is formed on the doped polysilicon film as a film having a higher 
impurity activation rate than polysilicon. Then, ,a barrier film, a metal 
film and another barrier film are successively formed on the doped 
polysil icon-germanium film. Thus obtained is a method of manufacturing a 
semiconductor device comprising a polymetal gate capable of suppressing 
increase of gate resistance also when an impurity introduced into a 
semiconductor film diffuses into the barrier films. 
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AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 

interdif fusion is provided. The method includes first implanting ions 

into a Si -containing substrate to form an implanted-ion rich region in 

the Si -containing substrate. The implanted-ion rich region has a 

sufficient ion concentration such that during a subsequent 

anneal at high temperatures a barrier layer 

that is resistant to Ge diffusion is formed. Next, a 

Ge-containing layer is formed on a surface 

of the si-containing substrate, and thereafter a 

heating step is performed at a temperature which permits 

formation of the barrier layer and interdif fusion of Ge thereby forming 

a substantially relaxed, single crystal SiGe layer atop the 

barrier layer. 
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AB A method of forming a substantially relaxed, high-quality SiGe 
-on-insulator substrate material using SIMOX and Ge 

interdif fusion is provided. The method includes first implanting ions 

into a Si-containing substrate to form an implant rich region in the 

Si -containing substrate. The implant rich region has a sufficient ion 

concentration such that during a subsequent anneal at high 

temperatures a barrier layer that is 

resistant to Ge diffusion is formed. Next, a Ge 

-containing layer is formed on a surface of the 

Si-containing substrate, and thereafter a heating step 

is performed at a temperature which permits formation of the barrier 

layer and interdif fusion of Ge thereby forming a substantially relaxed, 

single crystal SiGe layer atop the barrier layer. 
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.CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L9 ANSWER 21 OF 22 USPAT2 on STN 

AB A method of forming a relaxed SiGe-on-insulator 

substrate having enhanced relaxation, significantly lower defect 
density and improved surface quality is provided. The method includes 
forming a SiGe alloy layer on a surface of a first 
single crystal Si layer. The first single crystal 
Si layer has an interface with an underlying 
barrier layer that is resistant to Ge 

diffusion. Next, ions that are capable of forming defects that allow 
mechanical decoupling at or near said interface are implanted into the 
structure and thereafter the structure including the implanted ions is 
subjected to a heating step which permits interdif fusion of Ge 
throughout the first single crystal si layer and the 
SiGe layer to form a substantially relaxed, single 
crystal and homogeneous SiGe layer atop the barrier layer. 
SiGe-on-insulator substrates having the 

improved properties as well as heterostructures containing the same are 
also provided. 
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AB A method of forming a thin, high-quality relaxed SiGe-on- 
insulator substrate material is provided which first 
includes forming a SiGe or pure Ge layer 
on a surface of a first single crystal Si 
layer which is present atop a barrier layer 

that is resistant to the diffusion of Ge. Optionally forming a 

Si cap layer over the SiGe or pure Ge 

layer, and thereafter heating the various layers at a 

temperature which permits interdif fusion of Ge throughout the first 

single crystal Si layer, the optional Si 

cap and the SiGe or pure Ge layer thereby forming a 

substantially relaxed, single crystal SiGe layer atop the 

barrier layer. Additional SiGe regrowth and/or formation of a 

strained epi-Si layer may follow the above steps. 

SiGe-on- insulator substrate materials as 

well as structures including at least the SiGe-on- 

insulator substrate materials are also disclosed 

herein. 
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